I. INTRODUCTION
Combined input-crosspoint buffered (CICB) switches are an alternative to input-queued (IQ) packet switches to provide high-performance switching and t o relax arbitration timing for packet switches with high-speed ports. CICB switches use time efficiently as input and output port selections are performed separately. CICB sw-itch= use virtual output queues (VOQs) at the inputs to avoid the head-of-line (HOL) problem, and internal transmission of fixed-length packets to simplify their implementation. Variable-size packets are segmented into cells at their arrival and reassembled at their departure from the switch.
A lot of research work on AQM mechanisms has been done recently. Most of this work focuses on supporting congestion management for the transmission control protocol (TCP) flows. The objective of AQM mechanisms is t o provide early congestion notification t o the sources so they can reduce the sending rate t o avoid packet loss produced by buffer overflow [2] .
We can consider a flow control mechanism where the parameter in observation is the queue occupancy. 
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Credit-based flow control is used for avoiding buffer overflow [l] . This flow control mechanism has been applied t o CICB switche; with a negligible transmission delay in switches [3], where the transmission delays are t h e propagation delays of sending a cell from the input port to a crosspoint, and the flow control information from the crosspoint buffer to the input port. is denoted as x'Pi?j. The buffer at A7Pi,j is denoted as X P B i j , and it is considered of k-cell size,where k 2 1.
We consider that in a CICB switch each VOQ and its corresponding X P B comprise a closed loop as shown in Figure 1 . In order to avoid overflow of XPBi,j, feedback is needed t o inform the VOQi,. t o control the sending data We use P control for the flow control in a CICB switch. Figure 2 shows the block diagram of the P control in the VOQ-XPB closed loop. T h e feedback signal is the regulated output (crosspoint buffer occupancy) multiplied by a gain factor K p .
T h e nominal loop transfer function of the proportional controller caSe is:
We can take the loop's unity-gain crossover frequency as the geometric mean of corner frequency:
where q is the average queue length (packets), C is link linearization of (1) and (2), we have the transfer function of the target plant:
capacity (packets/sec) and N is the load factor. After (6) and choose K p to make IL(jw,)l= 1. In order to obtain a short transient response, we add an input shaper to the closed loop system. The input shaper is a feed-forward pole-zero cancelation method. Ideally, the input shaper uses its zeros to cancel the pole3 of a target system. Therefore) a good performance is obtained
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The input shaper might be designed a a step function. In our case. the step function is used to set up the value of qo and also the time to apply into the clsed-loop system. Each step function has a step response. We use two step functions to cancel the two-pole system's overshoots. The key point is how to put these two step functioiis together.
We show this combination with the following example.
Example 2: Consider the following setup in a CICB switch. C=3750 packets/s, M=32, &=O.OOSOl s, and the value of k is 0.00267 s: the ratio JL = 1/3.
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The closed-loop system can be regarded as a second-order system by approximation [la] . The transient response is shown in Figure 5 . Because the system is underdamped, there are some oscillations before the crosspoint buffer occupancy converges to qo, The maximum overshoot value ymax is measured as qmaz = 15, the steady state value of queue occupancy qaS is measured as qss = 10.
With the following equations, we can obtain the step value and step time for each step function.
The step value for the first step function is: 1 A1 = -
I t V
The step value for the second step function is:
From (11), the damping factor 6 is obtained as 0.2154.
Since < is less than 1, t h e system is underdamped. Then, the time interval between the first step function and the second step function is obtained.
In summary: if the target crosspoint buffer occupancy is qo, with a design of an input shaper. we first generate a step function whose step value is 90 x A l . and its step time is 0. The step value of the second step function is qo x A2 and its step time is AT. Now. we get the input shaper. Before being input to the proportional control system as Figure 2 shows, 90 is shaped by t h e two step functions. That is why we call the two step functions ail input shaper. Figure 4 shows the block diagram of a P control with input shaper. As Figures 5 and 6 show, with a n input shaper, the transient response time can be improved by almost 40%. 
IV. CONCLUSIONS
In t h k paper, we analyzed an AQM-based flow-control mechanism for CICB switches. We investigated the stability margin by analyzing t he relationship between the crosspoint buffer size and the round-trip time. We show that when >_ $ in our experiments, the flow control system is stable. This may provide a guideline on how to choose the crosspoint buffer size under non-negligible round trip times. Also, we improved the system's transient response time by almost 40% when adding an input shaper to the closed-loop system. 
